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High frequency opraying device 

250 PARK AVENUE 

NEW YORK. NEW YORK 10177 


TO ALL WHOM IT MAY CONCERN: 

Be it known that we. JURGEN KUNSTMANN. JORG RATHENOW. and SOHEIL 
ASGARL all citizens of Germany, residing at Kronthaler Strasse 38, 65812 Bad Soden. 
German y. Rheineaustrasse 119. 65203 Wiesbaden. Germany, and Sonnenbergerstrasse 5. 65193 
Wiesbaden. Germany, respectively, have invented certain new and useful improvements in 

HIGH-FREQUENCY SPRAYING DEVICE 

of which the following is a specification. 


Error! Bookmark not defined. 


Errorl Bookmork not defined* 1 


-^ -SUBSTITUTE SPECIFICATION Docket No. 1 87857/US - 479686-001 8 

WO 2005/0658 4 3 

PATENT APPLICATION 

CROSS REFERENCE TO RELATED AP PLICATIONS^ 

[00011 This application is a national stage application of PCT Application No. 

PCT/EP2005/000041 which was filed on January 5. 2005. and published on July 21. 2005 as 
International Publication No. WO/2005/065843 (the "International Application"'), the entire 
disclosure of which is incorporated herein by reference. This application claims priority from 
the International Application pursuant to 35 U.S.C. S 365. The present application also claims 
priority under 35 U.S.C. S 1 19 from German Patent Application DE 10 2004 001 095.1. filed on 
January 5, 2004. the entire disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[00021 Thio — invention — rclatco — generally — fee — a — high — frequency 
opraying — device — suitable — £e3? — atomioing — a — coating — fluid, — which 
device io equipped with a drying device for drying and/or crooo 
linking — fehe — coating — fluid — applied — fee — fefee — body — fee — be — coated by 
mo an a — ef — fehe — high — frequency opraying device, — wherein the — device 
aloo — ha eThe present invention relates to a high-frequency spraying apparatus that can be 
capable of atomizing a coating fluid, and which mav be equipped with a drying assembly that 
can be con fi gured to dry and/or cross-link the coating fluid after it is applied to a body to be 
coated. The spraying a pparatus mav also include a substrate support which ie — ouitablc 
#e ^can be capable of retaining the body to be coated firmly ■ in a position suitable for coating 
during the coating process. In particular, — thio invention rclatco to ouch 
a — high — frequency — atomioing — device — which — doco — nefe — atomioc — fefee 
coating — fluid — by — mean s — e# — a — pressure — loaded — nozzle — bufe — which 
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atomioco — fefee — coating — fluid — without force — afiel — without — air 

induction — by mcano — e-f- For example, the present invention also relates to a high- 
frequency atomizing apparatus which can atomize the coating fluid using a resonance body that 
can be excited to produce high frequency vibrations-^ — forming — a — opray — mi at . 
According — fee — the — invention — ouch — devicco — a*e — aloo — included — if* 
which — a — movement — ef — the — oubotratc — and/ or — the — atomioing — device 
takco place for the coating proce 33 . and thereby form a sprav mist. 

BACKGROUND INFORMATION 

[Q003| ^Fhe — high Hjghr frequency vibrations produced by the excitation of the 
rcoonancc — body — may, — #e*? — example, a resonance body can be generated in an 
electromechanical converter by — mcano — e# using piezoceramic elements which have been 
excited to produce electrical mechanical vibrations. These mechanical vibrations 
produced by mcano — e£ — the — piezoceramic — elements — may — then m ay , when 
amplified, be #e dprovided to the resonance body. — With — thcoc — mechanical — high 
frequency vibrationo — a A coating fluid film applied continuously to the resonance 
body can be excited bv these mechanical high-freauencv vibrations to form capillary waves— se 
that — fine . Fine droplets on the — vibration cavities f orminq which may form on the 
capillary wave a^e ecan be cut off, as — awhich can result in the formation o f which an 
atomioati on atomization or spray mist io formed . 

100041 Poooiblc applicationo for ouch a prcoourc less Applications 

for a pressureless high -frequency at omi o inq atomizing device may be f ound include . for 
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example, — if* — fehe — fioldo — e# air or product moistening, microelectronics, medical 
engineering, etc. Further, ouch — prcoaurc lea s nressureless high -frequency 
a t omi a i ncr atomizine devices may prove — vcryfa e suitable for — feke gassing and/ or 
degassing of fluids. — Similarly, — fefee — high High- frequency at omi □ i nq atomizine 
devices mentioned may also be suitable fo r the use as separating me an o devices and/or for 
the delivery of fluids in filling and mixing processes. 

[00051 However, — particular — importance — i-s — attached — fee — these 
high Hjghb frequency at omi a i nq atomizine devices may also be used in the field of medical 
engineering, for example 4 for coatin e of mechanical implants, for example bone and joint 
screws, heart valve prostheses and filigree substrates, particularly vascular supports— 
ouch — as — Gtcnta — fe^? — instance, — thinly — and — homogeneously — with — a 
coating — fluid. — Feee — instance, — closed coat — thicknesses — ef — approx . 
4 — nm to — approx. — 1 — men-, — if — ncccooary even more, — can be — achieved 

with — the — device — according — fee — fehe — invention. Preferred — coat 

thicknesses — range — from — 4 — nm — fee — 49£ — pm-, and — ift — particular 

preference — from 1 nm to 10 /im, — e.g. — 1 nm to 1 /zm or 10 nm to 1 
pm-, — and in particular preference — from 1 nm to — 40 — nm.Such atcnto 
a^e such as stents, etc.. with a thin and homogeneous laver of a coating fluid. These stents may 
hg required, for example, to permanently p rotect ferheg coronary artery of a cardiac infarction 
patent, which was widened by means of a balloon dilation, permanently from renewed 
occlusion. In order to __To protect the coronary arter y permanently from renewed 
occluoion, — such otcnto, — wh4eh . a stent which can assume, for example, the shape of 
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a hollow cylindrical wire netting in the naturc form of a lattice gate, comparable to a hair 
curler, a^e can be fitted into the coronary vesse l In this manner . — thuo — preventing 
renewed occlusion of the vessel can be prevented or allowing — at least — its- temporary 
postponement thereof may be allowed in many cases. 

100061 — ensure — that — fc&ee eThese stents, Irirfe etogether with other medical 
implants or other bodies to be coated, which arc can be referred to collectively ift — fefee 
following as substratesi — a^ e. To ensure that the substrate is not rejected by thea human 
organism, it io noccooarv to provide thcoc oubo t rat co such substrate may be 
provided with a suitable coating whicht hat is not rejected by the human or animal body. To 
coat these substrates, which arc often verv canbe fine and/or filigree in nature, ^fe-hea high 
-frequency a t omi s i na atomizing device — previously — mentioned may be used — in 
preference , — for example . 

100071 An atomiaina atomizing device which -iemav be suitable for 

a t omi oi na atomizing a coating fluid— without using force or air inductio n is described , ie 
diocloocd, — for example, in US patent no U.S. Patent No . 4,655,393. The ultrasonic 
atomiocr — diocloocd — in — thia — patent — conoioto — caocntially — e #atomizer 
described therein includes two tubes connected to each other by — means — e# a flanged 
connection oriented in fekeg longitudinal direction-? — wherein a . A drive element is inserted 
between the tnwe — adjacent flanges of both tubes, in — order — te which can excite fcfee 
atomioincr unit an atomiz ing arrangement to generate vibrationo in the ultrasonic 
range . vibrations. A feed hose is connected to £heg back portion of the ultrasonic atomiocr 
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£e3 ?atomizing arrangement that is capable of feeding trhe — atomioing — device — with 
coating fluid- — ©ft — the — front — e£ — the — atomiocr — &±± — the to the atomizing 
arrangement. The tubes on the front i eof the atomizing arrangem ent are reduced in 
diameter to cnablc diameter to allow a further solid tube section with having a smaller 
diameter to be formed. Thio The cross-section of this further tube section widens in ito 

crooo ejection, ift the direction e# the front e£ the 

atomiaina towards the front of the atomizing device, viewed along a circular trajectory, and 
terminates in a flat a t om i o c r atomizer tip. 

100081 The flat a t omi □ c r atomizer tip and the inner cavity of the front tubes of the 

a t om i a i nq atomizing device described in U.S. Patent No. 4.655,393 are connected by a 

plurality of thin rectilinear capillary tubes ±r order configured to load the 

a t omi 9 c r atomizer tip with a coating me an o fluid that jre mav be excited to generate high - 
frequency vibrations. However, these fine tubes terminate obtusely and without — a**y 
continuouo proccoo discontinuouslv in the flat tip of the at omi □ i na atomizing device. 
Ncvcrthclcoo , — the — continuouo This discontinuous transition between the tubes and 
the flat tip rcoulto can result in an irregular spray pattern during the operation of thio 
a to mioing the atomizing device, and in particular in an irregular droplet size in the 
spray mist produced. In particular For example , drops of larger diameter a^e mav also 
Informed as — a — rcoult because of this discontinuous transition, which where the larger 
drops may accumulate initially on the — tip of — the — atomioina a tip of the atomizing 
device and become — detached then detach from the atomiocr — tip — fee — to — the 
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action of — fe-he — force — e£atomizer ti p in response to gravit y forces when they reach a 
certain size. — Thio — is — e^ e For at least this reason, among — othcro, — why — the 
a t omi □ i na atomizing device dioclooc d described in US U.S. Patent No. 4,655,393 ohould 
only bc mav prevent formation of larger drops when used inj vertical alignment with an 
upward pointing spray tip or in ^horizontal alignment. However, where thc ifa substrate to 
be coated is to be arranged undcrncath BTQvided beneath this at omi o ina atomizing 
device, or even in the caoc ofi f very thin, uniform coatings are being applied , it is 
frequently the caoc — that larger drops mav become detached from the spray tip and 
drip onto the substrate, thereby rondo ring which mav render it useless — further 
gpolication or impair its performance . 

[00091 Another problem which mav be associated with the coating of substrates 

conoioto — ana — the — fact — fefeatr relates to a substrate holder which can retain such 
substrates are normally while being coated initially in a first stage in which — they arc 
retained by a firot — oubotratc holder oo — that — they can be — coated 
by mcana — ei — a — spraying device. — However, — the — substrate muot — then 

normally — be — removed — from — thio — firot — oubatratc — oldcr using a spraying 
device. It mav be necessary to remove the substrate from this substrate holder so that it can then 
be inserted — if* , for example, into a drying oven for drying and/or hardening-? — 
example . — B«fe — thio — removal . Removal of the substrate from the substrate holder 
prove o can be problematic because — when — fefee — oubotratc — is — removed — from 
fefee — firot — oubotratc holder thej f freshly applied-; — not yet — set coating film 
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can easily be — damaged, — as — a — rcoult — e£ — which — fefee — oubatratc — would 
aloo — be — rendcred b e damaged easily, as such damage may occur upon removing the 
substrate from the holder which can render the substrate unusable for furthcr an intended 
application. 

[00101 A further problem that may be encountered when coating substrates with using a 

conventional high -frequency a t omi a i no atomizing device such as that diocloocd — if* 
^ Sdescribed. e.g.. in U.S. Patent No. 4,655,393, for example, — conoioto — Prelates to 
the fact observation that the spray mist produced by such an a t omi a i na atomizing device 
ean mav only be capable of being modulated by the coating fluid supplied per unit of time e# 
the atomiaing device and by§t the excitation frequency. Ho we vc r , — it — jr& It 
may not ^.possible to influence the spraying characteristic further, e.g. for widening or 
narrowing , to widen or narrow the spray jet or for accclcrating to accelerate the spray 
mist by giving it a ccrtain guiding it in a particular direction. 

[0011] if* — the — light — e£ — fefee — problems — deocribed — above , — which 
may — fee — encountered — when — coating — a — oubotratc — with — a — high 

frequency — atomiaing — device, — example, fefee — object — e£ — thio 

invention — i-s — therefore — fee — make — available — aft — improved — high 
frequency atomiaing device f or Thus. there may be a need to provide an improved 
high-frequency atomizing device capable of coating filigree substrates, which dcvicc generally 
does not suffer from the disadvantage of the formation of largen drops, oo that it and which 
can — aloo be operated with a downwardly — downward- directed resonance body. 
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Furthermore, — the aforementioned problem cauocd when the Further, there 
may be a need to provide an improved high-frequency atomizing device that can provide 
coatings that are not likely to be damaged when coated substrates are removed from the substrate 
holder, in order to be ablc for example, to insert them in a drying oven for hardening— 
for example, — will — aloo be — oolvcd with — thio — invention. — Moreover, 
a high frequency atomioing device will be oupplied which cnablca 
the — apray jet — to be — influenced not — only bv getting the . There mav 
also be a need to provide, for example, a high-frequencv atomizing device that can influence the 
sprav iet characteristics, not only bv varying a coating fluid flow rate and the atomiocr aa 
atomizer frequency, but also cnablco the opray jet — to be accelerated orb y 
accelerating the s pray iet and/ or allowing the spray cone to be widened or reduced . narrowed. 

OBJECTS AND SUMMAR Y OF EXEM PLARY EMBO DIMENTS OF THE INVENTION 
[00121 It is one of the objects of the present invention to provide a high-frequencv 

atomizing device capable of coating a substrate, which includes an atomizing arrangement that 
can be excited to produce high-frequencv vibrations, and which can atomize the c.QMim 
to it to form a spray mist. The exemplary atomizing arrangement can include a resonance body 
having a trumpet-like shape. The atomizing arrangement can be enclosed in a housing having an 
o pening, and the resonance body can be positioned proximate to the opening. The housing may 
further be provided with a flow of air or inert gas from a gas supply. The housing can also 
include a nozzle associated with the opening through which the supplied flow of air or gas mav 
escape. 
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fOQ131 According — fee — a — first — aopoct — — thio — invention, — thcac 
objecto arc achieved and problems — aolvcd for the — f irot — time with 
a high — frequency atomioing device — fea? — atomioing a — coating — fluid 
and coating a aubatratc which hao an atomioing unit which can be 
excite to p roduc e high frequency vibration s , — which unit atomioeo 
the — coating — fluid — fed to — it — fc-e — form a — spray mist, — and which — 
also — cauippcd The atomizing device may also be provided with a positionable substrate 
holder which rctains is capable of retaining the substrate to be coated in a position 
f avourable favorable for coating inside the spray mist produced by the high frequency 
atomising atomizing device throughout the at omi s i ng atomizing and coating process, 
thus — cnabling which may allow the substrate to be wetted uniformly with the spray mist 
produced^ and further allow thin, homogeneous coats to be applied. 

[0014] According to — altcrnativc one exemplary embodiment of the present 

invention, the entire atomising unit atomizing arrangement can also be moved along a 
substrate, or alternatively, a movably arranged substrate can be provided with a movably 
arranged atomising unit exemplary atomizing arrangement . 

[0015] -tft — order — te — counteract — the — problem already described, 
which occurs when the — freshly coated substrates arc removed, — t-he 
high frequency atomic ing According to another exemplary embodiment of the present 
invention, the high-frequency atomizing device may also hae include a heat source which isggn 
hg suitable for drying the spray mist coat formed on the substrate without having — fee 
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rcmovc reauiring removal of the substrate from the substrate holder. — This — therefore 

af fordo fehe advantage , which ea-n fee achieved with thia 

invention, — that the freohly coated oubotratc need not be removed 
Thus, it would not be necessary to remove a freshlv-coated substrate from the substrate holder 
for drying, thereby obviating the riak reducine the likelihood of damaging the freshly 
coatina -coated substrate or tfeea freshly -applied coating film. 

[0016] According to a further exemplary embodiment of the present invention, the high- 

frequency atomizing device may also include one or more temperature setting arrangements, 
which can be provided to heat or cool certain elements or areas associated with the atomizing 
device. Certain elements that can be heated or cooled bv these arrangements can include, e.g.. a 
tank that may be used to hold the coating fluid, tubes or pines that can transport the coating fluid 
between various components of the atomizing device, a pump that may be used to pump the 
coating fluid, and/or supply tubes that convey air or inert gas. 

[0017] These and other objects, features and advantages of the present invention will 

become apparent upon reading the following detailed description of embodiments of the 
invention, when taken in conjunction with the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Further objects, features and advantages of the invention will become apparent 

from the following detailed description taken in conjunction with the accompanying figures 
showing illustrative embodiments of the invention, in which: 
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[00191 Fig. 1 is a schematic illustration of a high-frequency atomizing device in 

accordance with certain exemplary embodiments of the present invention; 

100201 Fig. 2 is a cross-section illustration through a resonance body of the atomizing 

device in accordance with certain exemplary embodiments of the present invention: and 

i 

[0021] Fig. 3 is a schematic illustration of the high-freauencv atomizing device according 

to another exemplary embodiment of the present invention which includes temperature setting 
arrangements and arrangements capable of generatin g electrical and/or magnetic fields. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF INVENTION 

[0022] In the figures, similar elements are identified with co rresponding reference 

SYmbols, 

[0023] As — already — explained, — fcfee — atomiaing — unit — i ncorporatco 
an ultraaonic atomiser which io auitablc for atomiaing a coating 
fluid — £ed — te — fc-he — atomiaing — unit — into — a — fine — Gpray — miot . — Te 
produce thc According to an exemplary embodiment of the present invention, an atomizing 
arrangement can be provided which includes an ultrasonic atomizer that may be suitable for 
atomizing a coating fluid fed to the atomizing arrangement into a fine sprav mist. The 

exemplary ultrasonic atomizer can produce high -frequency ultrasonic waves-7 tbe 

ultraoonic — atomiocr — is — provided that mav include , for example, with — a 
piezoceramic element which convcrto can convert electric weaveo — te signals into 
mechanical waves-? — whereby a — coating — fluid — £ed. Thus a coating fluid provided 
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without pressure to the ultrasonic atomiocr forma capillary wavco from whoac 
vibration cavitico very fine — droplcto arc detached. — In order to 
feed the coating fluid aa uniformly and continuouoly ao poooiblc 

■fee — the — atomiacr — tip — e£ — £he — atomioing — unit , from — which — t-he 

coating — fluid — excited — fee — generate — vibrationo — is — aprayed — down, 
the — atomioing — unit — i eatomizer can form capillary waves, and fine droplets mav be 
detached from vibration cavities associated with these capillary waves. The exemplary 
atomizing arrangement can be provided with a resonance body which widens into the ohapc 
e£ — a — trumpet . — Thio — capillary type — rcoonancc body widening — into 
the shape of a trumpet vibratco a trumpet-like shape that is capable of feeding the 
coating fluid uniformly and continuously to the atomizer tip of the atomizin% arrangement, from 
which the coating fluid is sprayed. This capillarv-tvpe resonance body that widens into a 
trumpet-like shape can vibrate together with the ultrasonic atomiocr atomizer at an excited 
freq uency. In this manner, the coating fluid fed to the resonance body can also vibrate in the 
excited frequency- — 00 that the coating fluid fed to the rcoonancc body 
aloo vibratca in the excited f reaucnev on over the surface of the resonance 
body and f ormo — fe-he — capillary wavca — already mentioned form the capillary 
waves described herein above . 

[0024] In order to oupply the rcaonancc body that wideno into 

the ahapc of a trumpet To suppl y the resonance body uniformly and continuously with 
coating fluid, the resonance body widening into the shape of a trumpet — iecan 
hg connected to a capillary tube by which the — inner — face — ei — fc-he — rcoonancc 
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body ia auoplicd with coating fluid, that is configured to provide the inner face 
of the resonance body with coating fluid. To ensure that there are no discontinuities from 
fehe that may allow escape of the coating fluid from the capillary tube and during the 

tranoition — fee — fefee inner — face — ef the resonance — body, fefee 

capillary tube io as it is provided to the inner face of the resonance bodv» the capillary 
tube can be incorporated in a nozzle of the resonance body widening — into the ohapc 
of a trumpet so that the end of the capillary tube passes into the resonance body without 
any j umps or steps. When the coating fluid The coating fluid that escapes from the 
capillary tube it io may therefore be distributed on fefeean inner face of the resonance body in 
a thin film, which — inner — face wideno where the inner face may widen concentrically 
into the ohapc of to form a trumpet -like shape . 

[00251 According to a prof err cd further exemplary embodiment of the present 

invention, the resonance body that widena into the — ahapc of a trumpet may 
be dc o i one d p ro vided in the shape of a horn which that widens-? — for example, as viewed 
in cross-section, fee — pcrf or m for example, in a form of a tractrix function, an exponential 
function or a clotoid function, to mcnt ion but a f cw . or other similar forms. To increase 
the a t om i o i na atomizing area of the resonance body, a funnel-shaped section, for example, can 
be connected to the horn of the resonance body described above . — It io alao poooiblc 
fee — widen — fefee — horn — e£ — the — rcoonancc — bedy herein above. The horn of the 
resonance body may also be widened to such an extent that the radius of curvature of the horn is 
parallel with tg the capillary tube incorporated in the resonance body. In this eeee exemplarv 
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configuration, the horn could be continued outwardg can be extended outward at its 
outer opening in a perforated disc whooo — oinglc hole — then — coincidco 
with — fcke — horn — opening . — Gee — advantage — that — eefi — fee — achieved — fey 
such — an — enlargement — e-f — fc-fee — rcaonancc — body — may — consist — — fefee 
fact that , for ex am ple, as a perforated disc including a single hole that may coincide with 
the horn opening. This enlargement of the resonance body can permit the entire quantity of 
coating fluid fed to the resonance body via the capillary tube ie — atomised, — Due to be 
atomized. This enlargement of the enlargement — ef — tfee — resonance body it — ear* 
therefore be ensured that no non atomised can further prevent non-atomized 
residues of the coating fluid accumulatc from accumulating on the resonance bod y that 
weujr d. where such residues can otherwise drop down without being atomised onto 
efte^ edge of the resonance body €fa ein response to gravit y without being atomized . 

[0026] Furthermore, toTo avoid the detachment of large coating fluid 

drips droBS on the resonance body, or di f fcrencc s and/or to prevent variations in the coat 
thickness of the coating fluid film formed on the inner face of the horn, the resonance body 
which-; — as s tated previously, passes into a circular perforated disc, is idcally gg 
described above, can be loaded with coating fluid by means — e£ using. e.g., a controllable, 
pulsation-free proportioning pump. Although proportioning Proportioning quantities 
e £between about 0.1 to 100 ml/min, and — preferably — 9-7-5 — ml/min. , — prove 
advantageous for the use of the high frequency atomising device 
mentioned prcviouslv or about 0.5 ml/min., can be used with, e.g.. the conventional hig h- 
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frequency atomizing device described above in connection with t-fee — medical engineering 
field, — the applications. The exemplary high -frequency at omioing device can of 
courac atomizing device in accordance with exemplary embodiments of the present invention 
may be operated with other proportioning quantities whe^r eincluding. e.g.. volumetric flows of 
up to about 50 1 pe r hour — eetn — be — achieved without — difficulty , or where 
smaller volumetric flows e#on the order o f about 1 ^il/min.-; — fes? — example, — can be 
achieved. 

[00271 — obtain — the — best — poaaiblc — spray — pattern — without 
detach ment of undcairable drop3 ln accordance with the exemplary embodiments of 
the present invention , the individual dimensions of the device according — te — fefee 
invention arc canbe matched to each other, aloo taking into consideration the volumetric 
flow ef — the — coating — mcana — and — its — viocooity = — Fer — the — uoual and 
viscosity of the coat ing fluid, to obtain an improved spray pattern while avoiding detachment of 
MOdggiraM drops. For conventional applications in the medical field it hao normally 
proved appropriate to oclcct^ the inside diameter of the capillary tube ranging 
#^emcan be selected to be b etween about 0.01 £oand 15 mm. For the For conventional 
coating fluids suitable for coating medical substrates^ the diameter of the capillary tube ohould 
prcf crably can be chosen within the range of to be between about 0.3. mm t-eand 
0.5 mm, fettte — prcf crablyg r approximately 0.4 mm. The diameter of the expanding 
resonance body must can be matched correopondinglv t o this tube , and here 
diametcr o a diameter of between about 3 and 30 mm have proved — auitablc can be 
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selected as the diameter of the perforated disc proviouolv described— herein above. In £-he 

field of medical engineerings — however, — diamctcro for applications, the diameter 

of the perforated disc ranaina can be selected to be betwee n about 3 and 30 mm, a**d: 

preferably — e£ — fefee — order — e£ — 8 — ma-, — have — proved — advantageouoo r 
approximately 8 mm . 

f00281 To set — fek eselect a spray pattern of the exemplary high -frequency 

at omi a i na atomizing device — according — fee — fc-he — invention , the spray mist 
produced can be modulated with usine a controllable air or inert gas jet, where the inert 
gas jet at — the oamc — time providing the can also provide an explosion protection 
e#Jhr th e exemplary device. The air or inert gas jet #es? — modulating — fefee — opray 
pattern — jre can be produced by enclosing the entire atomioing — uftirfeexemplarv 
atomizing arrangement , including the ultrasonic atomiocr, — wirfe featomizer. within a housing 
that is open on one side, wki-eh where the housing hae mav be provided with a connection for a 
controllable inert gas supply- an d obviouoly a connection for the coating fluid . In this 
manner . — se — that — the inert gas supplied to the inside of the housing via the inert gas 
connection ef — the houoing io able to cacapc — focuoaed in the manner 
of — a — j-ete — at — en ecan be focused and escape from an opening of the housing-? — as — a 
rcoult — ef — which in the form of a iet. This inert gas jet required — §e^ 
modulating can be used to modulate the spray pattern io generated^ 

fOQ291 By arranging the resonance body of the ultrasonic atomiocr atomizer. e.g.. 

either immediately — jrn directlv within one opening of the housing or if* — fefee 
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approximate — area — e nclose to the housing opening, the spray pattern of the high - 
frequency a t omi s i na atomizing device can be modulated by the inert gas jet produced. — * 
The natural volumetric flow of the spray mist can, for example, be accelerated by controlling 
the inert gas supply. — Furthermore, — the The spray jet can also be directed and 
stabilise d stabilized by the inert gas jet produced, — aloo enabling the , which can 
enable a widening of the spray cone to be adjusted. Because of support provided by the inert gas 
auDDort . the spreading angle of the spray cone of the a t om i o c d atomized coating material 
can be varied from about 0° to 180°, preference being given to and spray jet cones 
with — a nhaving a spreading angle of approximately 30° -§ormav be used to coat smaller 
components such as . for example— the 4 substrates to be — f ound used in the field of medical 
engineering. 

[0030] In order to be — able — fee — inf lucncc Characteristics of the spray jet 

charactcristic can be influenced more effectivel y, for example, bv providing one of the 
openings of the housing may be provided w ith an inert gas nozzle through which fefee 
inert gas supplied via the b v an inert gas feed cscapcs can escape as a carrier medium £esr 
spray jet conditioning of j to condition the spray mist. This nozzle may, for example, 
be designed — as — an — expanding — funnel — which — expands — outwards — es? 
rcduceo provided as an exp anding f unnel which can expand or reduce in an outward direction 
from the housing opening. An annular gap- — through which the inert gas fed to 
the — inside of — the housing is able — to escape, — jr e can be formed between 
the funnel and resonance body b y the resonance body by providing the resonance body of 
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the ultrasonic Qtomioor arranged in thio atomizer within the expanding or reducing 
funnel—, and the in erL&as fed to the ins ide of the housing can be able to escape through this gap. 
The width of thio the annular gap may, for example, be varied by moving the resonance body 
in thc along a longitudinal direction e£ with respect to the funnel, and/ or by varying the angle 
of expansion of the funnel, c nab liner which can allow the spray jet 
characteristic characteristics to be further influenced. 

[00311 In contrast to prcaouriac d conventional pressurized spray nozzles — e# 

prior — asefe, the charactcriotic characteristics of the spray jet generated ea** 
there forc using a spray device in accordance with the exemplary embodi ments of th e present 
invention may be influenced in several di f f c rent particular ways. For example, the spray 
jet may be varied not only by ^fee — variationo — ^varying the volumetric flow of the 
coating fluid, but also by adjusting tfee§ working frequency of the atomioing 
^H^t atomizing arrangement in the ultrasonic range , e.g.. between about 20 kHz to 3 MHz, 
preferably 2 0 — fee — 2-0-9 — kHz . — A — further pooaibility of — varying — fefee 
gpray — jefe — charactcriotic — aloo — conoioto — ana — varying — the — energy 

supply — fee fe-he atomioing — unit , which — normally — range o from 

approximately 0.01 to 100 W, — A fourth pooaibility of varying the 
opray jet — conoioto , — as — already deocribed, — in influence the — opray 
4e feand 3 MHz, preferably about 20 to 200 kHz. The spray iet characteristics mav also be 
varied, for example, bv varying the energ y provided to the atomizing arrangement, which can 
range from between about 0.01 W and 100 W. The snrav iet can be further varied, as described 
above, by adjusting the inert gas oupply supplied to the housing in which the a t om ioi ng 
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unit — — inotallod. — A — further — poooibility — e£ — influencing — fefee 

opray — jet — charactcriotic — conoiato, a-s — already — diocuoocd, 

influencing — the — opray — jet — fey — varvina atomizing arrangement is provided. 
Another way to vary the sprav iet characteristics can be to vary the annular gap formed between 
the resonance body and the f unnc 1 expanding in thc funnel in a connection to one of the 
housing openings. 

[00321 Here — there — a^ee — aloo poooibilitico Other conventional techniques 
that £H?e — alrcadv mav be known f rorru n paint spraying technology e-rg- rcan be used in 
various combinations with the techniques described above to modify the spray characteristics 
and pattern including, e.g.. dilutio n of the liquid coating , selection of solvents to be mixed with 

the liquid coating , removal of the nozzle from the substrate, additivco, £e*r 

opt imioinq the oprav pattern . or mixing of additives with the liquid coating. 

10033] There is aloo a poooibility ef— — carrying et*t 

cxt en o ivc Ex tensive coatings in which can also be provided, e.g.. bv using a plurality of 
nozzles ea nthat may be arranged next to each other in ^cascade f aohion . — Here 
^he configuration. An extensive or otherwise elongated substrate can be guided past the nozzles 
bv mcano of using. e.g.. a conveyor belt, or alternatively the nozzles can be guided above 
the atandinq along a stationary substrate. 

[0034] It may aloo be preferable to provide the high In further 

exemplary embodiments of the present invention, the exem plary high-frequency 
a t omi o i nq atomizing device can be provided with one or more devicco, — e*r — fee 
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provide — such — devices — or — ir£- f — which — general ly arrangements that can allow 
adjustment of the temperature of the inert gas and/ or of & the coating fluid and/or e^— the 
coating chamber-; — ie^ r. For example 4 a controlled or uncontrolled devicc arranqement may 

be provided for tempering the incrtiscd air in the application system, — if* 
which — case — the — following — principles — ef — action — may — he — applied : 

heat exchanger process if* the apparatus #e^? cooling 

hcating inert air o r gas in the device, which can, e.g.. cool or heat the ultrasonic nozzle, the 
inert isinq inert gas or the coating solutions, or any combination thereo f, bv a heat exchange 
mechanism . 

[0035] This — means — that — it — may be — advantageous , — — a — coating 
process — e^? — when — coating — a — substrate — with — a — coating — fluid, — §e^e 
constant , — homogeneous and constant Constant and/or homogeneous conditions to 
prevail can be provided for the coating medium, the coating fluid . and/ or a dispersion which 

m 

may be formed in different aggregate conditions throughout the process . snrav coating 
procedure. For example, this means that the temperature of the coating fluid docs may 
not change substantially on thc over a path from a storage tank to an atomising unit. 
These constant conditions or the atomizing arrangement. Constant conditions, e.g.. 
temperature conditions — could , can be disturbed, for example, if the spray head or the 
atomising unit atomizing arrangement is heated as a result of in response to energy 
supplied when an ultrasonic spray head is used-; — foa? — example . This heating could be 
transmitted to the coating fluid to be applied and could hcat resultin the coatinq heating of 
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the fluid. For example, it — could — tranopirc — fckart if the exemplary atomizing 
arrangement is heated, the temperature can rise to the melting point of particles 
containcd which may be present in ethe coating fluid— is — reached on the heated 
atomioing — unit . This could heatine can result in melting of the particles — and 
sticking of — the atomioing unit — eee. which in turn could stick to the exemplary 
atomizing arrangement or the ultrasonic spray head- — Thio would give rise , leading to 
poor quality of the spray application and/ or resulting coating reoulto . 

[0036] it — could — aloo — happen — fe-hat rThe heating procedure can also lead to a 
premature evaporation of a solvent that may be present in a coating fluid — evaporates 
prematurely, — i.e. — e¥e ft. where evaporation can occur before application — of the 
coating liquid to a substrate. This premature evaporation, unless dcaircd, — could p rovided 
intentionally, may also result in poor quality of the semy„ application and — coating 
re oult a . / or resulting coating. 

100371 It may therefore be advantageous to oot conotant tempcraturcG provide 

an approximately constant temperature throughout then path or process of diotribution 
of a qao or for distributing of a gas or a coating fluid. An coocntially constant 
temperature — may — fee — reached This approximately constant temperature mav be 
provided , for example, by cooling down gf an overheated area, e.g. an overheated 
a t omi 3 ina atomizing nozzle, by mcano of using a temperature setting device^or, eae— for 
example^ by heating a supply line system, an air or gas supply, tubes, particularlv including 
capillary tubes 4 or another distribution o v o t c m arran gement for the coating fluid or for particles 
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dissolved in a solvent. — Thio — heating — could — fee — necessary — st€ — the 
distribution avatom leads This heating may be preferred if, e.g., the distribution 
system passes through a colder area-; — By of the device w hich may lead to cooling of a portion of 
the distribution system . If such cooling occurs, for example, the conveyed coating fluid could 
also be cooled. The fluid, which jrs can be liquid under normal operating conditions, could 
therefore — assume — abecome more viscous condition when cooled and obstruct gr 
impair transfer- of the fluid. Heating of the distribution system may also indirectly heat the 
conveyed medium and/ or coating fluid indirectly , thereby influencing the temperature of 
the coating fluid. Direct — influencing of the temperature of the coating 
fluid io also possible. 

[0038] A procedure to directly influe nce the temperatur e of ^ the coating fluid can also be 

performed. For example, a heating coil or a heat exchanger may be installcd p rovided in or 
on the distribution system or jt may be flushed by the coating fluid, thereby also regulating the 
temperature, for example, by means of a control or regulating system-; — b y that is capable of 
either supplying or discharging heat. Heat supply via mav also be supplied using, e.g.. 
infrared systems or inductive systems is also oossiblc arrangements . 

[00391 In certain exemplary embodiments it is also advantageous, — unlike 

keeping — the — temperature — e€ — fehe — coating — fluid — constant , fee 

providc of the present invention, different temperatures specif ically can be provided at 
different points — i eregions of the distribution system. — Whilst — i-n — fehe — case 
described — above — there — is — a** — interest — in having — et & Althoug h a low a 
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temperature gradient as — possible, — a — temperature — gradient — is — desirable 

in — the — latter — cage . This — is — advantageous , fes? — example , if* 

coatinga, particularly — coating fluids, m ay be preferable in certain 

configurations, as described above, a temperature gradient may be desired in certain procedures. 
For example, temperature variations may be desired when applying certain coatings suc h as. e.g.. 
coating fluids or dispersions whooc particlcs containing particles which can be efficiently 
transferred in conjunction with a solvent. 

[0040] In addition, — ife — may — fee — an — advantage — for — coating, — if} 

ccrtain further exemplary embodiments-? — fear of the particles to be present — if* 
undiooolvcd form, — for which purpoac the — solvent must be removed. 
The increase in temperature, — e.g. — in an atomising unit according 
fee — the — invention, — particularl y present invention, particles in a coating material 
may be present in an undissolved form, which can require removal of a solvent. An increased 
temperature provided in a region or portion of the exemplary atomizing arrangement, e.g.. in a 
resonance body or a tube, allows the solvent to vaporise of can allow a solvent 
to vaporize or evaporate so that the particles a^ecan be present in an undissolved form on the 
spray head or atomising unit atomizing arrangement or on the sound head. The coating 
fluid can therefore — be conveyed if* — this — embodiment — b€ — the — invention 
b yfrom a storage container as — far — as — an atomising — unit — undcr to an atomizing 
assembly at temperatures which leave — tfe ecan maintain particles dissolved in the solvents 
Thio facilitates to facilitate transfer- — ¥he of the fluid. An increased temperature e# 
the atomising unit then allows the oolvent to vapor isc provided at the 
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atomizing arrangement can allow the solvent to va porize in the region of the atomioing 
unit — or ultraoonic — atomiacr atomizing arrangement or the ultrasonic atomizer, so 
that the particles transferred to the ultrasonic a t omi a c r atomizer or sound head a^emav be 
present in undissolved form-: — Thcv ma y , and therefore may be applied more efficiently. 

[00411 Other temperature gradients may ±r — turn — be advantagcoua used for 

ot h e r p articular applications, coating fluids and/ or dispersions. T hcoc For example, these 
temperature gradients may be act by mcano of — temperature getting devicco 
and by means — e£ — aprovidine using, e.g.. temperature setting arrangements or process 
temperature control device controlling the conditions that can be devices. 
which may control predetermined for a — coating process . conditions for a particular 
coating process. 

[0042] Moreover, fefe eThe temperature and/or coating 

charactcriotic characteristics of the coating fluid— e^ ^Jhe spreading capacity of a coating 
fluid, and/ or — fefee droplets or particles formed by i^ta coating fluid , can also — be 
preferably influenced according to the — invention bv adapt ina bv varying 
the temperature of an inert gas added in an air flow. This adapt at ion variation in temperature 
may be carried out achieved directly or indirectly. 

F00431 Furthermore, ±-fe — may — be — preferable — according — fee — fefee 

invention — fee — temper — completely — or partially — a — spacc A region or area 
around the substrate or, if n c c c o o a r v desired . the coating chamber — correspondingly . 
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For this purpose ^ can be tempered completely or partially. To achieve this, a hot spray 
mist— formed from atomised , e.g., atomized hot particles, can be mixed with a cooled inert 
gas or distributed in a cooled coating chamber, so that it cools, thereby improving the 
adhcsivity — e£ — fc-he — particles — oh — a — substrate, — §e*r — example . — Thio 
may therefore — influence — the temperature — ef — fetee — incrtiscd air or 
the incrtiocd gas, — i.e. — fete eadhesion of the particles to a substrate. This can affect 
the temperature of the inert air or the inert gas, e.g.. a mixture of coating fluid with inert gas or 
air. 

[0044] The — more — temperature — octting — devices — enee — installed 
distributcd lncreasinglv precise temperature gradients can be provided, and more flexible 
conditions can be used in a coating process, by distributing more temperature setting 
arrangements within and over the distribution system for the coating fluid or inert gas, 

•fc-he aisr ea= ana fefee coating chamber, fe-he more precisely 

temperature — gradients — ean — be — adapted — and — fefee — more — flexibly 
conditions can be set — for a coating process . . inert gas and/or air, and/or in 
thgjgoatmg chamber. Settings for the various temperature setting arrangements may be linked to 
a microprocessor, th us allowi ng coordination of the control of these arrangeme nts in a coating 
procedure. 

[0045] 

[00461 — ±e — also possible, — and preferable — ±€ — necessary, — fee 
link — fefee — settings — fee — a — microprocessor, — and — therefore — fee — store 
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certain — proccao — samples — — coordinate , preferably — control , 

different temperature getting devices. 

[0047] ^Fe — obtain — a — spray — pattern — that — ±-s — optimum — fo^e — t4=ie 
application — ±-r — question, — tfee — previously — e xp 1 a i nc d Various components 
which may contribute to varying fehe characteristics of a spray jet charactcriotic arc A 
such as those descried herein above, may be controlled b v means of . e.g .. a microprocessor— 
Th e to generate a spray pattern that may be preferable for a particular procedure. For example, 
the volumetric flow of the coating fluid acne rate d pro vided by tfeea proportioning pump, ae 
well — as — feheg working frequency and/or energy supply — ef -supplied to the ultrasonic 
atomiser, — is thcrcf orc atomizer can be controlled with a microprocessor. This The 
microprocessor -i-emav also be used for controlling thc to control a flow of an inert gas 
supply supplied to the spray jet conditioning system-? — according to the flow rate . 
The individual factors which may influence the spray pattern mavcan be set or controlled b v the 
microprocessor — and — a^e — dependent — br — each — other , and these factors may be 
interdependent . 

[0048] Although the coating result for Characteristics of a coating applied 

to a substrate &® — be — coated — can be substantially — improved solely — with 
^bh eusing an ultrasonic atomiser — according — &e — fe-he atomizer in accordance with the 
exemplary embodiments of the present invention, as described above , — this — result , 
which is — already satisfactory in — itself , herein above. The coating quality 
can be improved even further b v. for example, retaining the substrate to be coated inside the 
spray mist with a substrate holder during the coating process in a position that is 

Errorl Bookmark not defined> 27 

Error! Bookmark not defined. 


-3-8 — SUBSTITUTE SPECIFICATION Docket No. 187857/US - 479686-0018 

WO 2005/0658 4 3 

PATENT APPLICATION 

favourable — fes? — coating . Preferably — thio — oubotratc — holder — 3r& 

ouitablc — £ei? — oubjecting — fehe — oubatratc — retained — in the — oubatratc 
holder favorable for coating using a substrate holder. The substrate holder can be configured 
to provide, e.g., three translational and three rotational degrees of f reedom of movem ent of the 

substrate , in the region of the spray mist produced-? fee — three — different 

tranalatory — and — three — different — rotatory — degrcco — e-f — freedom — e# 
movement . — In particular . For example , the substrate can be move d with — fefee 
oubotratc holder in the region of the spray mist in three different coordinate directions, 
thuo — cnabling using the substrate holder, which mav allow the substrate to be coated 
highly uniformly with ^coating fluid. 

[0049] According to yet a further a ope c t exemplary embodiment of this 

invention, the — coating — result — of — a — oubotratc — that — eetn — be 

achieved with the high frequency atomioing the present invention, a coating 
applied to a substrate using the high-frequency atomizing device according — fee — the 
invent ion described herein can be further improved if* — that , — unlilcc — coating 
mcthodo of prior art, — the oubatratc need not if. e.g.. the substrate does not 
need to be removed from the substrate holder following the coating process for drying purposes 4 
for example , so that it can be hardened in a drying oven-? — bt*fe — in — that — fehe — high 
frequency — atomioing — device — itoclf — comprioco — a — drying — device 
which — ie. This can be a chieved, fo r exampl e, bv providing a high-freauencv atomizing 
device which includes a drying arrangement that can be suitable for dryin g^ hardening or cross- 
linking the spray mist coat formed on the substrate-7 — or for hardening or croas 
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linking it. — For instance, — it io possible by mcano of thio drying 

device fee etey the same even — during the coating process 

oimultancouoly — with — the — application — e£ — the — coating — fil m . For 
example, it can be possible to dry or cure an applied coating film using the drying arrangement 
during the coating process, while the coating film is being applied . 

[00501 Thio — can be — achieved, — for example , — by loading — fc-h eDrying 
of the coating film can be achieved, for example, bv heating a freshly -coated substrate with a 
heat — flow even during the — coating proccoo. — For thio purpose — the 
heat — oourcc — may — compri so using a heat source during the coating process. A heat 
source may include , for example, a heating system which ie — in turn, — juot — as — the 
atomioing unit, — j-emay be enclosed by a heating housing that can be open on one side, 
which hao and which includes a controllable inert gas supply for generating a flow of hot air 
flow. — The inertg r gas . The inert g as fed to the heating housing ire can be heated in the 
heating housing and cocapco from it via a nozzle arranged on one of the 
openings — e-f — the heating houaing, — and can be — fed specifically to 
the oubotratc bv mcano of the nozzle . escape from it through a nozzle arrang ed 
on an opening of the heating housing, and the heated gas can be directed towards the substrate 
using the nozzle. 

100511 Another possibility of — drying — the — coating — film formed 

on the — aubstratc consists — in first — fully scaling the coating of 
the subotratc , The coating film can also be dried, e.g.. by first applying a full coating onto 
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the substrate, and then moving the full y coated — aubo t rat c , -coated substrate, together 
with the substrate holder, into — fc-he — region of proximate to the escape opening of the 
heating housing nozzle, so that the drying or hardening of the coating film 
4r3 — carried — e ^drvine and/or hardenine of the coating film can be achieved after the 
coating process. 

f00521 Obvioualy it — io aloo poaoiblc, — inatcad of thc ln addition to 

drying baaed — e nthe applied coating using thermal convection, — dry the coating film 
formed on the substrate may also be dried indirectly by radiation, particular! v includin g 
infrared radiation. Thic drying by mcano of thermal radiation may prove 
particularly advantaaeouo in that the The use of thermal radiation can provide 
§ heat source for generating the thermal radiation can be arranqed to be located outside the 
area of the high -frequency a t omi o i ng atomizing device where — there — ar e, which can 
reduce a risk of explosion. For example, the heat source for generating athe thermal radiation 
may be arranged outside of a housing in — which — en?e — arranged — the — atomioing 
tmi^ which may enclose the exemplary atomizing arrangement and the positionable substrate 
holde r in order to avoid . This configuration can prevent or reduce cross flows of gases 
that normal ly m ay have a detrimental effect on a**§ homogeneous spray pattern. Thio The 
housing can therefore protect a protect the spray pattern generated with the atomioing 
HfHr^bv the exempla ry atomizing arrangement before any cross flow exert s of gases can exert 
a possible negative influence such as. e.g.. disrupt ing or dis torting the sprav pattern , so that the 
coating result and its quality can be improved otill — further — by — the — houoing, 
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which surrounds at — least — the atomioing unit and the positionablc 
substrate holder further . 

[00531 A ln a further exemplary embodiment of the present invention, a suction device 

can be provided which is suitable — ge^e capable of collecting and o u c k i ng drawing off the 
overspray, ir^e.g^ the quantity of a t om i s q d atomized coating fluid which ir &mav be sprayed 
past the substrate to be coated-? — can also be arranged in this . The suction device 
can be provided within the housing, for example, to ensure s^ that this the overspray is not 
lost and ea nallowing it to be fed back to the atomioing unit atomizing arrangement , for 
example, #es? — atomisation. — Obviously — tfei- sto be atomized again. The suction 
device, as well as the substrate holder, can also be controlled by the above mentioned 
microprocesso r described herein above , so that the spray characteristic of the 
atomiainq Momjzing device can also be influenced, for example, by manipulation of the 
suction flow and , e.g.. by generating a vacuum. On the — other hand; — fey Further. 
controlling the substrate holder fey — means — e€ — fcfee using a microprocessor it — i-s- 
possible — to — rctain can allow the substrate to be coated constantly — in — a** 
optimu m to be maintained in an optimal or preferred position in the region of the spray jet 
produced, depending on all t he where this position mav further depend on other process 
parameters. 

[0054] In addition freczc Freeze drying, vacuum drying and/ or flow drying in 

the air or gas flow, by means of usjng suitable drying devices in the arrangements 
de s cribed above, — may be used instead of the above mentioned heat 
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drying — proccooco . — 3%e — pcroon — okillod — ±& — fefee — a^t — will — hi — thio 
caoc — oclcct — fcke — ouitablc — drying — device — ies? — each — coating — and 
drying taok . . may be used to dry or cure the applied coating. A suitable drying technique 
and an arrangement that is capable of performing it can be selected and provided for each desired 
coating and drying task, 

[00551 — dryinq Drving . hardening and/ or cross-linking a^e — carried — etet 

within — the 3 co p c e-i thio invention, thcoc opcrationo a-3?e 

undcrotood generally to may involve the transition of the coating fluid from the liquid 
to the solid state-? — but the pcroon okillod and experienced in the field 
ef — coating — technology — ta — able — fee — deduce — fchte — exact — oignif icancc 
e£ — thcoc — poooibilitico — which have — been — cumulatively — oummariocd , a 
The treatment of an applied co ating sel ected for a specific coating pro cedure ca n depend, e.g.. on 
the coating material used and other process parameters. 

[0056] Emuloiono For example, e mulsions , suspensions and/or solutions of solid or 

liquid substances in suitable solvents arc conoidcrcd m avbeused as coating fluid. — Fe^ 
example, — oolutiono fluids . Solutions , suspensions, dispersions or emulsions of one or 
more active substances or active substance precursors provided in a suitable solvent may be 

atomised, but — se — ma yatomized. and undiluted liquid active substances-; If* 

additio n mav also be atomized. Further , solutions, emulsions and/or suspensions or 
dispersions of one or more polymeric or non-polymeric organic or inorganic substances, or any 
mixtures thereof, H — nc c c e s a r v optionallv together with cross-linking agents, as well as 
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reacting multicomponent compounds, can also be atomised, — the latter subject to 
— provioion — e #atomized. Reacting multicomponent compounds mav use a suitable 
drying and/or setting mechanism or an adequate pot life, to avoid reaction and setting inside 
fefee — atomising — device . — Furthermore — i-fe — is — particularly — preferable 
to use — ouch coating materials, — oupplicd — i^e mof the compounds inside the 
exemplary atomizing device. Coating materials provided, e.g .. in solutions, dispersions, 
suspensions or emulsions, which may contain particles oclcctcd — f^em that can include 
polymeric, non-polymeric, organic or inorganic or mixed inorganic-organic or composite 
particles^ or any mixtures thereof. Preferred particlco arc micro Microparticles 
and nanoparticles— mav also be used. Examples of polymeric particles a^ einclude. e.g.. 
PMMA, PLA, proteins, etc.-; — example a Examp les of non-polymeric particles aaeecan 
include, but are not limited to metals, metal oxides, metal carbides, metal nitrides, metal 
oxynitrides, metal carbonitrides, metal oxycarbides, metal oxynitrides, metal oxycarbonitrides, 
metal hydrides, metal alkoxides, metal halogens, inorganic or organic metal salts. Also 

preferred — a^e — magnetic — particles, examples — o4 — which — aaee 

without excluding others — Magnetic particles that mav also be used include, but are 
not limited to. iron, cobalt, nickel, manganese or mixtures thereof, for example^ iron-platinum 
mixtures, or a-a — examples — ef — magnetic metal oxides, iron oxide eHdgr ferrites. 
Examples of non Non -polvmeric particles are also that mav be used include, e.g.. soot 
species and other nanomorphic carbon species, such as graphite, diamond, nanotubes, fiillerenes 
and the like. Of particular preference arc also particlco Particles which 
are ouppI icd nrovided from sols and gels mav also be used . 
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[00571 Melts of thermoplastic coating substances, e.g. a tar, may also be used. — 

addition, — the uac of Other coating substances that mav be used can be based on dyes 
and varnishes, organic polymers, duro- and thermoplastics, with — f ibrc and mav further 
contain fiber constituents such as cellulose, glass, stone or carbon f ibrco fibers . and polymer 
fibre o fibers with organic and inorganic additives, and — aloog r catalysts 7 — is — aloo 
preferred according to the invention. — Uoablc and . Other suitable coating 
substances within — the — ocopc — e-f — thio — invention — enee — diocloocd — in DE 
^9-3 — 2-4 — 415 , — ifi — the — ocction — headed — "Polymer — Filmo" , — att€l — are 
therefore — fully — incorporated — in — thio — diacloourc . are described, e.g.. in 
German Patent Application DE 103 24 415. 

F0058] The term "active substances" ie — aloo — undcrotood — fee — include, 

according to the invention, can refer to pharmacologically active substances such as 
drugs, medicinal products— or pharmaceutical products, but aloo aswellas microorganisms, 
living organic cell material, enzymes and aise— biocompatible inorganic or organic substances. 
The term "active substance precursor" refcro can refer to oubotancco a substance or 
mixture o a mixture of substances which ar ecan be converted to active substances ef — the 
type — mentioned — above — after — application — e ftsuch as those described above 
being applied onto an implant to be coated by mcano of using thermal, mechanical, chemical 
or biological proccooco procedures . 

[00591 Molten active substances, or active substances dissolved, suspended or dispersed 

in melts, may also be applied by the exemplary atomizing device according — fee — the 
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invent ion described herein , as well as thooc — which — a^e — prcocnt — i« — opecial 
f ormo of aupplv that active substances which can be suspended, dispersed or emulsified 
such as , for example 2 active substances encapsulated in polymers. In one ape c i f i c another 
exemplary embodiment of the present invention, the distribution of the coating solution or of 
components of the coating solution, and — in particular embodiments — aloo /or the 
geometrical orientation, e.g. of particles with magnetic properties or conductive properties, 4r& 
opecif ically can be influenced by Re using an anode and pole plate o vo t c m arrangement 
that is based on magnetic and/ or dielectric principles of action, in which — caoc where the 
anode and pole plate ayatcm io dcoigncd arrangement may be provided with one or more 
channels and irta§ spatial alignment that can be varied. 

[0060] Furthermore, tkeAn electrode or electrostatic □yotcm, with 

aaoociatcd arrangement. which may include activation electronics and aiLenergy oupply, 
may f or m source. can be provided as an integral part of the exemplary atomizing device, in a 
preferred embodiment , and configured so that it opecif ically inf lucnccs can 
influence the distribution, charging, alignment and/or morphology of coating solutions and/ or 
their constituents with using variable magnetic and ioni aat ion / or ionization fields. 

[QQ6H Particles, particularl v including movable or flying particles or droplets, 

be influenced by the crossing of electrical or magnetic fields. In 
prcf crred exemplary embodiments according too f the present invention they are - 
particles can be used that mav be electrically charged or ioniocd ionized as they cross 
electrical or magnetic fields provided for this purpose, or e^e which mav otherwise hg 
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influenced by an interaction - with such fields. For example, theg mutual alignment of particles 

may vary . be varied. A variation of alignment is — c quae d ean be produced, e.g.. by fefeea 

magnetic field, particularly -±n — fefee — caoc — e£ — f crritc containing — particles 

particularly preferred — according — fee — fefee — invention . if the particles used 
contain ferrite. 

[0062] Var i at iono Ionization, electrical charging or variation in the mutual alignment 

of ^he — particleo — fee — fee — applied, — according — fee — fefee — invention, — e^e 
ionioation — e£ — fehe — particleo — ea? — electrical — charging, — give — rioe 
fe eparticles being applied can generate an extremely uniform distribution of a coating film or a 
coating fluid. Particles orientated in thio such a manner, particularl y including 
nanoparticles, may have better adhesion to a substrate. Moreover, the drying proccoo 
according to the — invention ia a subsequent or simultaneous drying procedure can 
hg accelerated and improved by feheg uniform particle alignment and influencing — e# 
fek eassociated morphology. 

[0063] It io therefore advantagcouo to influence coating Coating 

fluids, particularly including spray mists or droplets formed from them, — by mcana 
e# therefrom. can thus be influenced bv electrical and/ or magnetic fields-? — which — enee 
preferred — according — fee — fehe — invention . — The — fields — here — may — fee^ 
Fields that may be used can include, e.g.. electro- or magnetostatic fields^ or time- 
va riant varying fields that can be modulated with bv frequency patterns. The 
i nf 1 ucne i na influence of fehe— electrical or magnetic fields preferred according to 
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the invention may take placc mav occur during the flight of the particles or the 
spray mist being applied , fe^fcQE it ma Y aloo take placc occur during or after deposition of 
the coating on the substrate. The influcnci na influence of the electrical or magnetic fields 
may take place simultaneously o r it can be staggered in time. Moreover Further , a multi- 
channel influence, -3r-re.g.. an influence cauac d generated by a plurality of devices — fee 
R earrangements provided according — fee — fehe — invention — §eee — generating^ 
generate electrical and/ or magnetic fields, and one which can also act in different spatial 
planes, ±s — particularly — preferable — if* — certain — embodiment o can also be 
used. 

[0064] Fe^ — this — purpoac — clcctrical Electrical fields can be generated by 
means of electrode, anode and/ or pole plate avotcma arran gement s suitably 

a rr ange d confi gured in the atomizing device according fee fehe 

invent ion . described herein. These arrangements mav. if necessary, be supplied with high 
voltage (HV). The couroc geometrv of the fields and their intensity may be influenced by the 
shape of the electrodes. 

[0065] Magnetic fields may, for example, be generated by means of electro 

electromagnets or permanent magnets suitably arranged in the atomizing device according 
to the invention, — and in the caac d escribed herein. The intensity and geometry 
of the magnetic fields t oo, — the intonaity and courac of the ficlda arc m ay 
hg influenced by the shape of the magnets used . 
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F00661 it — i-s — advantageous — »efe — merely to gcncratQ — elcctro As an 
alternative to generating electrostatic or magnetostatic fields- — The — activation — and 
modulation — e£ — fefee — ficldo — preferred — according — fee — fefee — invent ion a 
electric and/or magnetic fields can be activated and/or modulated with certain frequency 
patterns-; — and/or by a time variation in the -varying intensity, which can influence 
feke wetting behaviour b ehavior of the coating fluid and the way in which the spray mist is 
deposited on the substrate. 

[0067] The — oyotcm — preferred — according — fee — fefee — invention — #e^ 
generating a A continuous or time- va r i an t varying magnetic field conaiato of can be 
generated. e.g.. using a magnet, prcf crablv which may be an electromagnet that can be 
modulated in frequency and — amplitudco — fey — mcano — e #/or amplitude using 
microprocessor control-; — whic h . The magnet jre can be provided with pole shoes 
advantagcouoly — arranged — geometrically. — Furthermore , — fehe — entire 
arrangement arranged in a suitable geometric configuration. An arrangement that includes 
the magnet can also b e moved spatially — varied — fey — microproccooor — control in 
relation to the substrate to be coated-; — The oyotcm for generating a modulablc 
LF HF field conoioto coacntially of . e.g.. using a microprocessor to control the 
movement. An exemplary arrangement provided for generating a modulated low- 
freauencv/high-frequencv field can include, e.g.. a microprocessor control arrangement for 
generating frequency and amplitude samples 4 and two or more electrodes, which may be aligned 
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axially or radially ee — that — they — a^ee — opatially — variablc and which may be 
moveable , according to the specific coating application. 

[00681 Suitable oolvcnto Solvents that may be suitable for use in coating fluids-r 

provided in the form of solutions, suspensions or emulsions, _can include, for example, alcohols 
and/or ^ ethers and/or hydrocarbons such as . e.g., methanol, ethanol, n-propanol, isopropanol, 
butoxydiglycol, butoxyethanol, butoxyisopropanol, butyoxypropanol, n-butyl-alcohol, t-butyl- 
alcohol, butylenes glycol, butyl octanol, diethylene glycol, dimethoxydiglycol, dimethyl ether, 
dipropylene glycol, ethoxydiglycol, ethoxyethanol, ethylhexane diol, glycol, hexane diol, 1,2,6- 
hexane triol, hexyl alcohol, hexylene glycol, isobutoxypropanol, isopentyl diol, 3- 
methoxybutanol, methoxydiglycol, methoxyethanol, methoxyisopropanol, methoxymethyl 
butanol, methoxy PEG- 10, methylal, methyl-hexyl ether, methylpropane diol, neopentyl glycol, 
PEG-4, PEG-6, PEG-7, PEG-7, PEG-9, PEG-6-methylether, pentylene glycol, PPG-7, PPG-2- 
buteth-3, PPG-2 butyl ether, PPG-3 butyl ether, PPG-2 methyl ether, PPG-3 methyl ether, PPG-2 
propyl ether, propane diol, propylene glycol, propylene glycol-butyl ether, propylene glycol- 
propyl ether, tetrahydrofuran, trimethylhexanol, phenol, benzol, toluene, xylol; and a loo /or 
water, if ncccoaarv optionallv provided in a mixture with dispersion aids, as well as gn^ 
mixtures or combinations of the above. 

[0069] With fcke device according fee fc-keln certain exemplary 

embodiments of the present invention^ the surface of the object substrate to be coated can be 
partially or- essentially- — £fchHr ^ completely coated 4 or even — coated many — timco , 
Multiple — coating — is — carried — eu£ — fey — fcfee — multiple — ttee — e£ — fefee 
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atomising device — in separate process — steps , it may be coated with multiple 
layers. Multiple coatings can be provided bv using the atomizing device described herein in 
separate consecutive procedures and 2 if necessary^ drying steps may be applied after each 
coating proccoa . individual coating procedures. 

[0070] 

[0071] BRIEF DE SCRIP TION OF THE DRAWING S 

[0072] 

[0073] Exemplary — embodiments — &£ — this — invention — are — described 

in — greater — detail — ifi — the — following, with — reference — fee — the 

attached — drawings , — #or — a — better — understanding — and — for — further 
explanation of — fehe — invention. — 3%e — person — skilled — i-a — the — aaet — ts 
aware — i« — this — case — that — &H — the — features — described — if* — the 
following — ean — be — applied — and — generali s ed, — within — the — fi e ld — e# 
this — invention, — fer — aii — embodiments — described — and — conceivable, 
as well as their combinations. 

[0074] 

[0075] Fig . — 1 m — a — schematised — system — sketch — e£ — the — high 

frequency 

[0076] atomising device according to the invention; 

[0077] 

[0078] Fig . — 2 shows — a — section — through — the — resonance — body 

according 

[0079] to the invention, — which widens into the shape 

of a 


Error! Bookmark not defined. 


Error! Bookmark not dcfincd t 40 


^-SUBSTITUTE SPECIFICATION 


Docket No. 187857/US - 479686-0018 


WO 2005/0658 1 3 

PATENT APPLICATION 

[0080] trumpet; 

[0081] 

[0082] Fig. — 3 io a schematised system okctch of a preferred 

embodiment — e£ — fche — high — frequency — atomising — device 
according — fee — fehe — invention, — with — temperature — netting 
devices — a**d — devices — fea? — generating — electrical — emd 
magnetic fields. 

In the — figures — the — same parts — en?e — identified with corresponding 
reference symbols. 

[0083] For example, complete closed coatings having a thickness of approximately 1 run 

to approximately 1 mm. or thicker, can be produced using the sorav device according to 
exemplary embodiments of the present invention. The exemplary coatings can be produced 
having a thickness between about 1 nm and 100 urn, or from about 1 nm to 10 ^m. or between 
about. 1 nm and 1 |im. The exemplary coatings can also be produced which have a thickness 
between about 10 nm and 1 nm. or between about 1 nm and 10 nm. 

[0084] Fig. 1 shows a schematic illustration of an exemplary embodiment of the high 

frequency — atomising — device — according — fee — the — invention — ift — a 
schematised — representation. — As — may — be — deduced — from — Fig . — =b — the 

high — frequency — atomising — device shown — schematically — ana — ite 

comprises, — among — other — things, — aft — atomising — unit — =b — which — is 
suitable — #er — atomising a high-frequency atomizing device in accordance with the 
present invention. The exemplary high-frequency atomizing device can include an atomizing 
arrangement L which may be suitable for atomizing a coating fluid fed to it. Atomising 
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a# The atomizing arrangement 1 may, for example, be an ultrasonic a t om i a c r atomizer 
which can be excited, for example, withb ^ a piezoelectric element to generate high -frequency 
vibrations. Atomioing unit 1 can bo loaded with A coating fluid, which may be 
stored in a storage tank 5. can be provided to the atomizing arrangement 1 bv a precision 
proportioning pump 4 — with — a — coating — fluid — which — i-s — retained — if* — a 
□toragc tank 5 — for otoring the — coating fluid. — Ao may be deduced 
from — Fig . — h-, — the — coating — fluid — is — pumped — from — atoragc — tank — & 
wi-th 4. The coating fluid can be pumped from the storage tank 5 bv the precision pump 4 via a 
system of tubes to atomioing — unit — 1-r- the exemplary atomizing arrangement 1. The 
coating fluid that is fed in this way — fee — atomioing — unit — 1 — i-s — excited — fey 
atomioina unit manner to the exemplary atomizing arrangement 1 can be excited bv the 
exemplary atomizing arrangement 1 to generate high -frequency vibrations 4 and jr ecan be 
conveyed further in the direction of ^resonance body 2 by fefee§ continuous volumetric flow 
generated by the_p recision proportioning pump 4 via capillary tube 17. — Inotead — e# 
exciting the The coating fluid can be excited directly by mcano of the atomioing 

^fHrfe using the atomizing arrangement 1 to generate vibrations as the fluid passes ife^ — it io 
obviouoly aloo poooiblc to excite only rcoonancc body 2, which 
in turn then excitco through it. Alternatively, the resonance body 2 can be excited, 
which in turn can excite the coating fluid to acneratc produce vibrations as — ooon ao it 
has rcached therein as the fluid reaches the resonance body 2. 
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[00851 Rcoonancc body 2, — including A cross-sectional enlarged illustration of 

the exemplary resonance body 2. together with the exemplary capillary tube 17, is shown in Fig. 
2 on an enlarged ocalc. Ao may be deduced from Fig, — 2-> — capillary 
tube — t? — 3re 2. The capillary tube 17 can be incorporated j^ into the resonance body 
denoted by the reference number 2, — s e2> such that no discontinuities or jumps 
are p r o due e d present in the transition between the end of capillary tube — W — and 
£he the capillary tube 1 7 and an expanding inner face 1 of rcoonancc body 2 . — 18 of 
the resonance body 2. The coating material which may be excited to generate high -frequency 
vibrations by mcano of atomioing unit — 1 — ie — fed via capillary tube 17 
to rcoonancc body 2, — and io — fehe nthe exemplary atomizing arrangement 1 can be 
fed by the capillary tube 17 to the resonance body 2. and may then be distributed on the inner 
horn-shaped face of horn 18 — e# 18 of the resonance body 2 in a thin coat l ayer , and 4r& 
£feea can then be further dispersed on ji perforated disc 22, as indicated by the arrows-? — which 
horn wideno into the ohapc of a trumpet in Fig. 2. where the horn-shaped face 
may widen into a trumpet-like shape . 

100861 Reoonancc The resonance body 2, which in turn io may also be excited to 

generate high -frequency vibrations, rcinf orcco can reinforce the vibrations induced intoi n 
the coating fluids — c au o i na . Thi s may cause concentric capillary waves to be formed in the 
coating fluid, which is distributed on horn 18 that wideno into the ohapc of a 
trumpet . the horn-shaped face 18. Because of the inertia of the mass of the coating fluid that 
can be excited to generate capillary waves, very fine droplets of the coating fluid may separate 
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from the vibration curves of the capillary waves, giving risc w hich can lead to the formation 
of a spray mist. 

[0087] In addition to the advantageous embodiment of The resonance 

body 2-, — w4^k 2 can include the inner horn -shaped face 1 8 that widens into the shape of 
a trumpets — fefee -like shape» as shown in Fie. 2. A transition between the from a feed line to 
the atomi si ng an atomizing tip and the surface thereof- — disclosed in US such as that 
described, e.g.. in U.S. Patent No. 4,655,393, is also indicated as a comparison in 
Fig . — 3 — by — a — dotted — line — antd — identified by — fetee — reference — number 
i-9-: — As — can be — deduced — from — this, — fcfee — transit ion shown for comparison 
purposes in Fig. 2. and is indicated bv a dashed line 19 therein. The transition 19 between the 
feed line and the surface of the a t omi s i ng atomizine tip has a discontinuity in the form of an 
edee or corner , which prevent s mav prevent the coating fluid from being dispersed uniformly 
on the surface of the a t omi a i ncr atomizing tip. This in — turn — cause s can then cause 

coarser drops to become detached from the edge-like transition— 19. in an uncontrolled 

fashion, resulting — in — fc-he — impairment — e£ — fc-he — coating — result 

already explained. However, counteracting this risk e# 

impairment — e£ — fefee — c o ati ng — result — etue — fee — detachment — e£ — larger 
droplets — was, — among — other — things, — aft — obj ect — e£ — this — invention, 

an — object — which is achieved, among — other — things , by — fc-he 

continuously expanding horn shape of — resonance body 2 manner, which 
may result in a reduction in quality of the coating as described above. This reduction in coating 
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quality can be avoided or minimized bv using the exemplary atomizing device described herein, 
which can include the resonance body 2 which has inner horn-shaped face 1 8. as shown in Fig. 2. 

{0088) Ao may further be deduced f ro m The atomizing arrangement 1 shown 

in Fig.— 1-7 — atomioing unit 1 may be surrounded by a housing ^- £16. which can be open 
on one side. Rcoonancc The resonance body 2 irsmav be arranged in onc proximate to an 
opening of the — openings — e# housing 16. Air A nozzle / 3. through which air, gas 
n o zzlc/o rJnert gas nozzle — 3 — connect a mav flow, can connect directly to one of the 
openings of thgjiousing 16 in £fee§ form of an expanding funnel, so that an annular gap jr &mav 
hg formed between tfee — atomiacr an atomizer plate of the resonance body 2 and the 
expanding funnel of inert — etet&the nozzle 3. — Houoino The housing 16, in which 
atomioing — unit — i — — arranged, — jrethe exemplar y atomizing arrangement 1 is 
situated, can be supplied with a controllable inert gas volumetric flow^ — whooc volume io 
act bv mcano of . The flow rate of this gas may be configured or established using a 
control valve 12, which jre can be controlled, for example, by ^microprocessor 7. In the 
preferred — case The microprocessor 7 can also control s control. e.g.. the operating 
frequency of atomicing unit the exemplary atomizing arrangement 1 and/or the volumetric 
flow e #provided bv the precision proportioning pump 4, which supplies — atomioing 
HB-jrfe can supply the atomizing arrangement 1 with coating mcano fluid from the storage tank 5. 

[00891 The inert gas with ^ which may be provided to the interior of the housing 4r& 

is loaded is !6. can be dispersed in the housing 16 and cocapco escape from one of the 
openings of thgjiousing 16 through the annular gap £which iremav be formed between the 
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q t omi o c r atomizer plate of the r esonance body 2 and the expanding funnel e #3\ Bv using 
such inert gas 3-= — Ao a result of thio cocapc of — inert gao f ro m which can 
escape from the housing 16, the spray mist which has separated from the r esonance body 2 
cxGitcd — fee — generate — high — frequency — vibrationo can be modulated if* 
febfe eto form various spray pattern . patterns^. The spray pattern can be varied in different 
ways, particularly in conjunction with the inert gas nozzle 3 and the inert gas escaping 
through the annular gap. For example, the volumetric flow of the spray jet can be accelerated by 
varying the inert gas flow, or the spray jet can be widened or reduced by varying the opening 
angle of the funnel of the inert gas nozzle 3. 

[00901 Subatratc The substrate 14 can be positioned by ^substrate holder 8, by 

means of thc using a workpiece clamping device 9 belonging to that may be associated 
with the substrate holder- — underneath 8. beneath the resonance body 2 of the exemplary 

high frequency atomioing — device — according — fee — the — invention . Ae 

denoted here by the rcfcrcncco x, — y~ — z and r , atomizing device as shown in 
Fig. 1. The substrate holder 8 i a able to oubj ect can be configured to controllably move 
the substrate 14 tein three different trano 1 a t ory translational movement directions x, y and 
z, and one r o t a t o r v rotational movement — Subatratc direction r shown in Fig. 1. The 
substrate 14 can therefore be rctaincd held and moved conotantly in controllablyiiQ a 
suitable position inside the spray mist bv mo ana of using the substrate holder 8 throughout 
the coating process.— -Fes ? The substrate holder 8 mav be controlled bv the microprocessor 7 
which can allow, for example, monitoring of the pre cent c urrent position o f the substrate 14 
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and to varv variation of the position o f the substrate 14 within the spray mist-? — oubotratc 
holder — 8 — is — controlled bv . The microprocessor — — example, — with 
which a!1 7 can also be used e.g.. to monitor all of the processes and parameters of the spray 
device according to the invention are monitored . 

10091 1 i-R — fefee — region — inoidc — oubotratc — 14 — aA controllable vacuum 
suction system 10 can be arranged — §e^ provided near the substrate 14. for example, to 
further condition the spray jet conditioning — and — feae — Ducking — e#£ — fetee 
ovcrapray , — fcfee — aaoociatcd — auction pump — e-i — which — ayatcm ia and/or_iQ 
draw in the oversprav. A suction pump that may be included in the controllable vacuum suction 
system 10 can also controlled by the microprocessor 7. 

[00921 The exemplary high-frequency atomizing device shown in Fig. 1 can also include 

a drying arrangement 6 which can include, e.g., a heat source, which may be configured to dry or 
harden the freshly coated substrate 14. The drying arrangement 6 can include, for example, a 
heating system that may be controllable bv the microprocessor 7, and it may be provided in a 
housing 20 that can be open on one side. The interior of the housing 20 may be provided with an 
adjustable inert gas volume tric flow , similar to the housing 16 surrounding the atomizing 
arrangement 1, where the flow can be regulating using a control valve 13. The control valve 13 
may also be controlled bv th e micro processor 7 as a f unction of some or all of the process 
parameters. 

[0093] The — high — frequency — atomising — device — according — fee — fefee 
invention, — ohown — i« — Fig . — 3ri — aloo — compriaco — a — drying — device — 6-r 
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e.g. — a — heat — source, — which — ±-s — arranged — fee — eh?y — ese — harden — fehe 

freshly — coated — substrate — 14-? — Drying — device — 6 — comprises, §e^e 

example , — a — heating — system — that — is — preferably — controllable — by 
microprocessor — 7-7 — which — system — is — accommodated — it& — a — housing — 2-0 
open on one — side . — The — interior of — housing — 3-9 — open on one — side, 
as housing — 1-6 — e€ — atomising unit — 1-7 — is — loaded with an adjustable 
inert gas volumetric — flow which is set by means — ef — control valve 
— Control valve 13 may in turn be controlled by microprocessor 
7 as a function of all — the process parameters. — The inert gas volumetric 
flow fed to this the housing 20 iecan be heated irn within the housing 20 by tfee — heat 
fereffl provided bv the heat source 6, and escapes it can escape through t-hejm opening in thg 
housing 20 formed byji nozzle 21. With the heat flow thus generated thc J The 
freshly coated substrate 14 can be dried-7 — but for this purpose it would have bv 
the heat flow thus jgen era ted but this can require the substrate 14 to be moved from the position 
shown in Figure — 1 — ±a — fefee — direction — e #Fig. 1 towards the heat source 6. 
However, — it — is also possible to aliqn ^Ehe nozzle 2 1 of the heat source 6 can 
also be aligned so that the film — eeart ecoating layers freshly coated — e napplied to the 
substrate 14 a^e can be dried immediately after their application to the substrate 14, e.g. 4 in the 
position shown in Fig. 1 . 

[0094] In order to To protect the coating proccss procedure from possible cross 

flows or dust, atomising — tmi^- the exemplary atomizing arrangement 1, including thg 
housing 16 surrounding it, the drying device 6, the vacuum suction system -1-9-10. and e# 
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oouroc the substrate 14 itself , — can each b e arranged jr^ within a housing 11, represented 
schematically here by dotted linco. — ^ — inotcad of — a drying device — & 
baaed on drying flow, — a heat oourcc 6 baaed on thermal radiation 

were — fee — be — used, such — a — drying — device — 6 — baocd — oh — thermal 

radiation — could — e£ — course — cAe em Fie. 1 bv a dashed line. If the dry ing 
arrangement 6 is used that includes a source of thermal radiation, it can optionally be arranged 
outside of the housing 1 1 in ordcr and be configured to dry the freshly coated substrate -3^14 
located within the housing 1 1 . In any caoc it io It may not be necessary to remove thg 
substrate 14 fro m the workpiece clamping device 9 of the substrate holder 8 in order to dry thg 
substrate 14 after coating dtte — £e it using the u^e — ef — drying device — — thuo 
avoidinq arrangement 6. This can avoid possible damage to the coating of the substrate 14Jf 
it is not yet dried when it is removed from the workpiece clamping device 9. 

[00951 Tfee — device — according — t-e — fctee — invention — may — be — adapted 
if* — certain — embodiment o — §er^ — cxtcnaivc Extensive coating of substrates can be 
achieved by providin g, e.g., a multiplicity — e£ — atomiacro pluralitv of atomizers 
arranged in a cascade fashion^ and guiding the substrates along trhe fflthe atomizers on § 
conveying devicco arrangement , or alternatively b v guiding aa — atomiser — cascade 

along the plurality of atomizers along the substrates e mising a conveying 

device . arrangement. Suitable conveying device s arrangem ent may include, for example, 
conveyor belts and the like. 


Error! Bookmark not defined. 


Error! Bookmark not defined* 49 


t 

-4Q-SUBSTITUTE SPECIFICATION 


Docket No. 187857/US - 479686-0018 


WO 2005/0658 4 3 

PATENT APPLICATION 

[0096] Fig. 3 -a-9 — based — coocntially — eft — fctee — high — frequency 

atomioing — devicco — ohown — ift — Fig. — ±r-. — Unlike — Fig. — h-, — Fig . — 3 — aloo 
ohowo shows a schematic illustration of another high-frequency atomizing device in ac cordance 
with certain exemplary embodiments of the present invention. The exemplary atomizing device 
shown in Fig. 3 includes a process temperature control devicc arrangement 27 with 
connect cd and first temperature setting devices 23, 25, ^second 24 — and — third — 3& 
tcmpcraturc — getting — device . — Proccoo temperature setting device 24. and a third 
temperature setting device 26 connected thereto. The process temperature control device 27 
io connected to arrangement 27 can be connected to the microprocessor -7 — and canl ^ 
and can be configured to receive settings and/ or instructions for settings from thio the 
microprocessor #0 ^7 corresponding to desired process conditions for a coating 
proc coo . procedure. For example, temperature gradients of a coating fluid may therefore 
be produced or compensated for in athe storage tank 5 and on an atomioing unit l. the 
atomizing arrangement 1. Whether a temperature gradient is require d desired or is to be 
prevented dcpcndo can depend on the material used as coating fluid e*r — tfe-s — thermal 
charactcriotic . — Thio — cnablco — fc-he — behaviour and its thermal characteristics. 
The process temperature control arrangement 27 can allow the behavior of the coating fluid to be 
influenced during transport or spraying to be ouitablv inf luenced thereof . 

[00971 The temperature of the coating fluid in th^storage tank 5 may be set by mcano 

e# using the first temperature setting device 23. Ao the further firot 25, — occond 
24 and third 2 6 temperature oetting device, — thio 23 T which is represented 
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schematically in Fig. 1 as a heating ooil . — However, — thio — — aloo undcratood 
fee coil. as are the other temperature setting devices 24-26. However, these temperature setting 
devices 23-26 can include other heat sources-r such as . e.g., infrared radiators, heat exchangers, 
heat pumps 4 etc. Moreover, a^A each of the temperature setting devices 23-26 can also be used 
to extract heat and/or for cooling, in which caac and thus may includ e, e.g.. cooling units or 
fans can be uocd, — for example . 

f0098| Whilot two Two first temperature setting devices 23, 25 -ge ^are shown in Fig. 

3 that can be capable of influencing the temperature of the coating fluid arc — ohown in 
Fig . — 3- r. However, any number of such first temperature setting devices may be arranged 
along the distribution system of the coating fluid-? — according to requirements. — Tfee 
as needed or desired. The fluid distribution system comprioca essential lv includes the 
storage tank 5, thgjwecision pump 4, atomising unit the exemplary atomizing arrangement 
1 and a tube svstc m arrangement which connects the storage tank 5 to the p recision pump 4, 
and the p recision pump 4 to atomising — unit — — — particular . the exemplary 
atomizing arrangement 1. For example, the capillary tube 17 and the resonance body 2 a^e 
also incorporated . — Each of those clement s can also be part of the distribution 
system. Each element of the distribution system can be provided separately with a first 
temperature setting device. The action — ef — the — temperature setting devices ean — fee 
exerted directly, — i.e. — directly on 23-26 can, e.g.. heat or cool the coating fluid— 
directly. An example of direct action of heating of the coating fluid in the storage tank 5 bv 
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the first temperature setting device 23 on the coaating fluid is shown , e.g.. in Fig. 3- 
in otoragc tanlc 5 .^L 

[0099] A temperature setting device-? — e.g. — firot — temperature — getting 

device — 2-Eb — acta — indirectly on the (such as the first temperature setting device 
25) can indirectly heat or cool the coating fluid by. e.g.* heating or cooling a tube between thg 
precision pump 4 and atomicing — unit — 3r- rthe exemplary atomizing arrangement 1. By 
varying the temperature of the tube 4 the temperature of the coating fluid flowing through the tube 
jr scanbe influenced indirectly. 

[00100] Bcoidca — fcfee — influencing the — temperature — e£ — fefee — coat in g 
fluid — by — firot — temperature — dotting — devicco — 2-3 — and — 2S-, — tfe eThe 
temperature of the inert gas in an inert gas feed line 31 can be set by mcano — a busing the 
second temperature setting device 24. S ince the The tempered inert gas interacta can 
interact with the spray mist whilot when it is escaping from the inert gas nozzle 3-^ and 
modulatca may modulate the spray pattern of the spray mist- — ferh e. The temperature of the 
spray mist which has separated from the resonance body can also be adapt cd influenced bv this 
interaction between the sprav and the inert gas which may be provided at a desired temperature 
as described above . 

[00101] The temperature prevailing in the_ coating chamber 32 can also has — an 
influence— en the dispersion bchaviour b ehavior and coating behaviour behavior of the 
spray mist on the substrate- 14. This prevailing temperature maycan also determine or influence 
the behaviour behavior of the coating when it is being dried. — Moreover, — fcfee The 
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thickness of the coating, particularly the coating film, on the substrate - 14> can also be 
influenced by the temperature prevailing in the coating chamber 32. 

[00102] Fig. 3 also shows a device 29 for an electrical apparatus 29 that is capable 
of generating an electrical field. — Thio — hae The electrical apparatus 29 includes two 
electrodes which a^ ecan be connected to a high voltage generator 2-8 — (HV) . Between the 
electrodes an 28. An electrical field can be generated between the electrodes in the region 
between atomising unit the exemplary atomizing arrangement 1 and the substrate holder 9 
and the substrate when 14 bv application of a suitable voltage — i-s — applied. — Ir — thio 
caae the — oubotratc and, — if applicable, — alao at — lcaot part of . The 
substrate 14 and, optionally, at least a portion of the substrate holder 9 T may lie fully 
i^ within the electrical field, so that the field acto c an act on the spray mist when the sprayed 
particles adhere to the substrate — 14. 

[00103] Whilot — fche — fiaurc Fig. 3 also shows a single-channel structure of the 
device for generating an electrical fiekb — a apparatus 29 that can be configured to 
generate an electrical field. A multi-channel structure is — alao — poooiblc . — Ir — fehe 
caoc — e# — a — multi channel — otructurc can also be used, where a plurality of 
devicca apparati 29 a^ee mav be provided for generating an electrical field, each of which 
i ecanbe separately activated by H Vthe high- voltage generator 28. 

1001 041 HV The high-voltage generator 28 hqq a connection to c an be connected to 
the microprocessor 7 fey which tfe ee ^and may be controlled fey fc-he 
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microproccooor . — feat — addition — fce therebv. The high- voltage generator 28 can be 
configured to provide, e.g.. electrostatic fields— or time variablc varying electrical fields, 
wjrt hwhich mav have an intensity variable — eve^ that varies with time or different 
frequency patterns-? — can therefore aloo be realised . 

f 001 05] S imi l arly t o — the — e le ctrical — field, — aA magnetic field can also 

be generated with device 3 0 — for generating a magnetic field , for example. 
between a t om i o i ncr the atomizing device 1 and the substrate holder 9-, — with oubotratc. 
Thjre 9 using a magnetic field apparatus 30. Such magnetic field apparatus 30 may be 
magnetostatic, jr^e. g.. it can be constant or time variant, — i.e. — variable — over 
time . — The modulation io carried out here by the LF/HF generator, 
which io with time or it mav vary with time. The modulation of the magnetic field can be 
produced using a low frequency/high frequency (LF/HF) generator, which can be connected to 
the microprocessor- — fro m 7 and which the — LF/H — generator — rcccivco can be 
configured to receive control signals- therefrom. A single-channel structure ia aloo ohown 
for the magnetic field, — althouah apparatus 30 is shown in Fig. 3. and a multi-channel 
otructurc io ooooiblc . apparatus mav also be used. 

[00106] The magnetic field can be generated by me ana — e# using. e.g.. a permanent 
magnet or an electromagnet. The magnetic field apparatus 30 shown in Fig. 3 ohowa includes an 
electromagnet. A U-shaped core such as . e.g. 4 a ferrite core, jre can be surrounded by an 
electrical coil on thean underside of the magnet, which io where the underside mav be the 
side opposite the_resonance body 2. Excited bv the Magnetic field lines can be formed 
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between parallel flanges of the core when excited bv a current flow generated by the LF/HF 
generator in the coil-? — magnetic . Magnetic field lines asee — formed — between — fe^e 
parallel flangca of the corc f — which field linco can pass through the space 
between the flanges with a magnetic field . The opacc region between atomioing 
uftj^t the atomizing arrangement 1 and the substrate-? — and — if — ncccaoary — at — lcaot 
part a of 14, and optionally a portion of the substrate holder 9, is — thercf ore can also 
paoocd through with a be exposed to the magnetic field. Thio magnetic — field 
influcncca The magnetic field thus may influence the spray mist fee — fee — moved 
eafee being directed toward the substrate — 14. 

[00107] Both device 29 — for generating an the electrical field and device 
3-0 — — generating — aapparatus 29 and the magnetic field 7 — afe — lcaot — parts 
apparatus 30. or a portion thereof, may be located either inside housing 11, i-re.-— i ftg.. within 
the coating chamber 3-232. or outside of it. If a suitable material is selected for the housing 11, 
the electrical and magnetic fields may exert their actions in within the housing 11, i-r-e.g^ from 
outside into the coating chamber 32. ■££ — device — 2-9 — feae — generating — aft 
electrical field, — ao well ao device 30 for generating a Locating the 
electric field apparatus 29 and/or the magnetic field-? — a*re — located — fully outoidc 
houoing — Hrr — thio — may be — advantageous — ift — tcrmo — e€ — contamination 
ef — thcoc — clement a. apparatus 30 completely outside of the housing 11 may help to 
prevent or reduce contamination of these comp onents. 
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[00108] The foregoing merely illustrates the principles of the invention. Various 
modifications and alterations to the described embodiments will be apparent to those skilled in 
the art in view of the teachings herein. It will thus be appreciated that those skilled in the art will 
be able to devise numerous systems, arrangements and methods which, although not explicitly 
shown or described herein, embody the principles of the invention and are thus within the spirit 
and scope of the present invention. In addition, to the extent that the prior art knowledge has not 
been explicitly incorporated by reference herein above, it is explicit ly being incorporated herein 
in its entirety. All patents, patent applications and publications referenced herein above are 
incorporated herein bv reference in their entireties. 
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